Background: Delaying total knee arthroplasty (TKA) carries an increased likelihood of poor rehabilitation outcomes. Reasons behind choosing to delay surgery are under investigated. This study explores potential factors related to the decision to delay a TKA procedure and preferences for post-surgical pain management.
Introduction
Total knee arthroplasty (TKA) has been recognized as effective in the treatment of disabling pain caused by severe osteoarthritis (OA) of the knee with significant improvement in patients' quality of life [1] . Knee-replacement surgery is an increasingly common procedure--by 2030 the U.S. demand for primary TKA is projected to grow to 3.5-million [2] . The fastest growth is projected among patients 45-54 years: from 59,000 procedures in 2006 to over 994,000 by 2030 [3] .
Deferring surgery decreases the quality of patient outcomes. Postponement can lead to contralateral knee joint and other skeletal damage; weakened or lost function in muscles and ligaments; and greater difficulty or an inability to engage in normal daily activities (e.g., walking, driving, and bathing) [4, 5] . The result is an increased likelihood of poor rehabilitation outcomes, further reduced quality of life and a negative impact on emotional well-being [6] . The earlier TKA surgery is performed, the higher the success rate and better the ultimate knee functioning [6] . In addition, following failed conservative treatmentand prior to a delayed surgical intervention-individuals continue experiencing debilitating pain, reduced quality of life, and significant financial burden [6] .
Pain following total knee arthroplasty can be severe and opioids are commonly provided to manage postoperative pain. Even as far as one month following TKA, 56% of patients continue taking opioids and 78% continue to complain of moderate to severe pain during ambulation [7] . Among five different surgical procedures (thoracotomy, total knee replacement, total hip replacement, radical mastectomy, lumpectomy) evaluated by Carroll and colleagues TKA patients reported the highest median days to opiate cessation: 47 days post-surgery, with 6% of opioid naive patients continuing to require these analgesics for over 5 months [8] . A large percentage (31% -84%) of those seeking treatment for opioid addiction report that their abuse ensued following a legitimate prescription from a physician [9, 10, 11, 12] . Finally, patients receiving opioids rather than NSAIDs or Cox-2 inhibitors for chronic non-cancer pain are at a markedly increased risk for falls, cardiovascular events and all-cause mortality [13] .
Despite the increasing number of appropriate candidates for TKA, patient acceptance of a surgery recommendation is low. The majority of OA patients ultimately refuse arthroplasty [6] , choosing instead to spend an average of 20 years with continuing pain [6] ; for young osteoarthritis patients the prospect of continuing pain is 40 or more years [6] .
TKA candidates may choose to delay surgery for a variety of reasons. Clinical literature has identified sex and race/ethnicity differences in health beliefs and values that appear to influence patients' decisions about joint replacement surgery [14, 15] . Among health beliefs perceptions about pain and concern for interference with activities may be of particular importance. Other identified reasons include ineffectiveness of conservative measures, the perceived lack of safe and effective minimally-invasive surgical options, and concerns that the alternative treatment involves major and irreversible arthroplasty surgery [6] . This study explores patients' perspectives and factors related to the decision to delay a TKA procedure. Surgical candidates suffering from knee osteoarthritis within the United States were surveyed to explore patient perspectives and factors related to the decision to delay surgery.
Materials and Methods

Participants and setting
A cross-sectional survey of individuals aged ≥55 years who were considering a TKA procedure was conducted using an online survey service [16] . Eligible individuals were asked to complete a study-specific survey. Respondents completing the survey were able to direct 50 cents to the charity of their choice from a pre-selected list. Survey questions were presented in sequential order without the ability to return to a previous question to alter a response. This study was determined to be exempt from IRB review [17] .
Measures
Demographic Information: Respondent data provided by the survey service included age, gender, annual household income, and education. Age was collected as both a continuous and categorical variable (<18; 18-29; 30-44; 45-60; and >60). Household income was collected as a categorical variable ( $0-$24,999; $25,000-$49,999; $50,000-$99,999; $100,000-$149,999; and >$150,000) as was education ("less than high school"; "high school degree"; "some college or associate degree"; "bachelor degree"; and "graduate degree").
Outcome Variables: The primary outcome defined for the study was the decision to delay total knee replacement surgery based on response to the question: "How likely is it that you may have delayed knee replacement surgery due to concerns that pain and/or the side effects of narcotic pain medications may extend your recovery and rehabilitation?" Responses were dichotomized: "Very likely" or "Likely" responses were considered to have delayed total knee replacement surgery; "Unlikely" or "Very unlikely" responses were considered not to have delayed total knee replacement surgery.
An additional outcome, years considering knee replacement surgery, was based on response to the question "For how many years have you been considering knee replacement surgery?" Responses were dichotomized: ≥ 2 years and < 2 years.
Independent Variables: In addition to demographic information other independent variables included measures related to pain, pain management for TKA surgery and respondent perception of new pain management strategies.
The Brief Pain Inventory [18] , a widely used pain assessment tool in clinical settings, was used to assess two aspects of pain-pain severity in the previous 24 hours and interference with every day life. The Brief Pain Inventory (BPI) adopts a scale of 0 to 10 for each measure. For pain severity 0 = complete absence of pain and 10 = worst pain ever experienced. For interference with every day life questions (general activity, mood, walking ability, work, sleep, and enjoyment of life) 0 = no interference and 10 = total interference.
Several questions related to pain management and TKA surgery were included in the survey. One asked respondents to indicate their current pain management strategies. Respondents were also asked about pain concerns that most significantly impacted their decision to have knee replacement surgery (i.e., concerns about pain for the first 3 days following surgery versus concerns about pain within the first several weeks following surgery). Another question asked about their preferred postoperative pain management approach--one that offered "excellent" pain management in the hospital but would likely necessitate the use of opioid analgesics to manage pain following discharge or one that offered "adequate" pain relief in the hospital and would likely reduce or eliminate opioid medications following discharge.
Finally, respondents were asked two questions to assess their perception of a new pain management approach. "How important would it be to your choice of surgeon to know that they have been certified to use a new pain management approach that could lead to a reduction or elimination of narcotic analgesics following TKA surgery?" and "How likely are you to seek a well-qualified knee replacement surgeon who offers a new pain management approach that could lead to a reduction or minimization of narcotic analgesics following TKA surgery?"
Data analysis
Descriptive statistics are reported for age, gender, household income, and educational attainment. Continuous variables are reported as means with standard deviations (mean ± s.d.); categorical variables are reported as percent of respondents.
Associations between the Brief Pain Inventory pain and interference responses and the demographic variables of age, gender, household income and educational attainment were evaluated using the Chi-Square test. For this analysis the 0-10 scales for pain and interference were classified into four categories [19, 20] : 0 = "no pain" or "no interference"; 1-4 = "mild pain" or "mild interference"; 5-6 = "moderate pain" or "moderate interference"; 7-10 = "severe pain" or "severe interference".
BPI pain and interference responses were evaluated using Pearson's Correlation Coefficient to assess the relationship and strength of the relationship between variables. A correlation was determined to be strong if the Pearson correlation coefficient was above 0.7; at that level 50% of the variation in one variable is explained by its correlation with the other variable [21] .
Logistic regression with stepwise model selection was employed to explore factors potentially significant in predicting the decision to delay a knee replacement surgery and the length of delay. Logistic regression predicts the odds of outcome variables from a set of independent variables [22] ; stepwise model selection orders the independent variables in the regression model by a computer algorithm sequentially applying statistical tests [23] . For the logistic regression the primary and secondary study outcomes (decision to delay a TKA and length of delay, respectively) were classified into the two previously defined groups. Exploratory variables for the model included demographic variables (gender, income, education, age), concerns for pain (pain during the three days immediately post-surgery or several weeks following the surgery), and the eight BPI items for pain and interference with every day life.
All statistical analyses were completed using SAS v 9.3 (SAS Institute, Cary, NC, USA). A p-value of < 0.05 was chosen as the threshold for statistical significance.
Results
A total of 6,298 persons were sent a screening questionnaire; 2,571 completed screening and were provided with an eligibility questionnaire; 680 (26%) respondents met the eligibility criteria defined for the study. There were 654 completed surveys for a survey response rate of 96% (654/680).
Demographic Profile: The mean age of survey respondents was 64 ±7 years; 71% of the participants were 60 years or older; 65% of respondents were female ( Table 1) .
As a group, 55% reported educational attainment of either bachelor or graduate degree; approximately one-third (30%) reporting household incomes of $100,000 or more.
Pain Severity and Interference with Activities: The mean pain level was 5.6 ±2.2 with a median of 6.0. Means for measures of interference with everyday life ranged from a low of 3.5±2.9 for interference with relations to a high of 6.5±2.5 for interference with walking (Table 2) . Correlations between the eight BPI items ranged from 0.397 to 0.812 suggesting a moderate to relatively strong correlation (Table 3 ). In the same correlation matrix, correlations of pain and interference with everyday life ranged from 0.397 to 0.574, a moderate correlation.
Decision to Delay a TKA and Length of Delay: Among the 654 respondents 154 (24%) responded that they had delayed TKA due to concerns that pain and/or the side effects of opioids might extend their recovery and rehabilitation. Logistic regression results indicated that only interference with work scale and age were significant predictors of delay in the stepwise model selection (Table 4) . A one unit increase in the interference with work scale is associated with a 22% increase in the odds of delaying knee replacement surgery (95% CI: 1.10-1.36). A one year increase in age is associated with a 1.3% increase in the odds of delaying knee replacement surgery, though this did not reach statistical significance (95% CI: 0.98-1.05).
There were 352 respondents who reported they had been considering knee replacement surgery for at least two years. The factors significant in predicting this secondary outcome were also explored by logistic regression with stepwise model selection ( Table 5) . A one unit increase in interference with work scale is associated with a 9% increase in the odds of having considered knee replacement surgery for at least 2 years. Patients concerned about experiencing pain during the first several weeks following surgery had significantly higher odds of having considered knee replacement surgery for at least 2 years (OR: 0.59, 95% CI: 0.38 -0.93.
Pain Management: Among all respondents the use of opioid-containing analgesics to manage knee pain was reported by 22% of respondents; NSAID use by 62%; acetaminophen by 29% and Cox-2 inhibitors by 10%. Approximately 72 percent of the respondents would accept "adequate" rather than "excellent" pain management in the first three days following the surgery if the method would also reduce or eliminate the need to take opioids for pain management during the post-discharge rehabilitation period. The majority of the respondents (74%) were more concerned about pain they were likely to experience within the first several weeks following surgery rather than pain they were likely to experience within the first three postoperative days. Overall 92 percent indicated that a new pain management approach that reduced or eliminated the use of opioid-containing pain medications would be an important factor in their choice of the surgeon they would select to perform their TKA. Even among those who had already identified a surgeon to perform their TKA, 66% would switch to a different surgeon if they could identify another who would offer a pain management approach that reduced or eliminated opioids during the post-discharge rehabilitation and recovery period. 
Discussion
This study provides strong evidence that the decision to delay a TKA is significantly influenced by surgical candidates' concerns about interference with work and experiencing pain for several weeks following TKA. In addition, access to postoperative pain management methods that reduce or eliminate opioid use is an important factor in the selection of a joint replacement surgeon. Considering that over 800,000 TKAs are performed within the United States annually, and that delaying this procedure carries an increased likelihood of poor rehabilitation outcomes, the implications of the results are significant.
Patient concern for interference with work is an important finding: a one unit increase in the interference with work scale was associated with a 22% increase in the odds of delaying TKA. Interference with work was the BPI item with one of the highest mean scores (6.0), and reflects a level of moderate interference. Taken together these results suggest that further investigation of the underlying factors associated with this concern is warranted. The importance of work may be related to income and education levels. It could also be related to perceived and known limitations of currently available knee replacement implants. While there have been numerous improvements in commercially available knee replacement implants, the biomechanics of the knee are not completely replicated by contemporary knee replacements, especially in regards to kneeling and twisting [24] .
Previously-published studies have reflected this study's finding that patients who expressed concern about experiencing pain during the first several weeks following surgery also had significantly higher odds of delaying surgery. Chan and colleagues reported that patients who expressed concern about experiencing pain (first several weeks following surgery) also had significantly higher odds of delaying surgery [25] . TKA is major surgery and pain during the early days of recovery can be severe. Experiencing post-surgical pain has serious implications for post-surgery sequelae including delayed mobilization, greater risk of developing venous thrombosis, coronary ischemia, poor wound healing, longer length of hospital stay, and unnecessary psychological distress, all of which affect patient satisfaction with the surgery [1, 25] . The failure to adequately relieve pain is also highly correlated with patient dissatisfaction [26] . The oral analgesics commonly being reported by respondents-primarily opioids combined with NSAIDs or acetaminophen-are not without concerns. Two concerns of particular importance are their use over an extended period and for elderly patients [27, 28] . Chronic opioid use leads to the development of tolerance and hyperalgesia [27] , has the potential to worsen outcomes in musculoskeletal conditions [27, 29] and, in the elderly can lead to delirium and agitation [28] . Chronic use of NSAIDs and acetaminophen both have serious safety concerns-gastric bleeding and liver toxicity, respectively [27, 30] .
Pain management options that avoid opioid use are not only viewed as desirable by patients-92% of respondents felt that a new pain management approach that reduced or eliminated the use of opioid-containing pain medications was an important factor in their choice of surgeons for TKA; this is consistent with current guidance from the US Food and Drug Administration and health professional societies, each group having expressed concerns about the current use of opioid containing analgesics. Decreasing dependence on opioid analgesics could also reduce surgical candidates' hesitation to proceeding with surgery, and thereby improve the ultimate surgical outcome for millions of individuals.
Finally, given TKA candidate concerns about post-discharge pain management that extends into the rehabilitation phase of recovery, it appears increasingly important to put mechanisms in place to measure and report patient satisfaction not only in regard to how pain is managed during their in-hospital experience, but also in regard to their experience post-discharge. TKA candidates in the valley of decision may be encouraged to learn that pain can be effectively managed during the post-discharge period and therefore be more likely to advance to surgery with less apprehension or delay.
Limitations
There are several limitations to note. This study was a cross-sectional, observational study. Only associations and not causal relationships may be concluded.
Second, though the validity of the Brief Pain Inventory has been established by various studies in assessing cancer or other chronic pains, the validity and reliability of the Brief Pain Inventory in assessing knee pain has not been thoroughly investigated.
Respondents to this study represented well-educated, reasonably middle to high income, American patients who had seriously considered TKA surgery. They may not reflect the perceptions of all TKA surgery candidates.
Finally, the survey invitation, the eligibility process and the survey were administered electronically by an on-line survey service to those who have agreed to participate in SurveyMonkey surveys. This also limits generalizability to the larger population of TKA surgery candidates.
Conclusion
This study suggests that concern about postoperative pain and its interference with work for the first several weeks following discharge is the main driving factor for delaying TKA. There is also significant interest in pain management approaches that reduce or eliminate the need for opioid-containing analgesics among those considering TKA and a willingness by them to seek out a surgeon offering a pain management approach that can accomplish this objective. Surgeons and facilities who adopt effective pain management approaches that minimize opioid use and who report the patient satisfaction associated with these approaches when used during the post-discharge period may benefit from the apparently strong aversion of TKA candidates to this class of analgesics.
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